Introduction
Mouse Chromosome (Chr) 3 is marked by more than 50 molecular markers and several interesting mutant genes. Conserved regions with homology to human chrs Ip, 4q, and 8 have been defined. The conserved regions include two multigene families, amylase and carbonic anhydrase. Physical mapping on pulse-field gels has demonstrated conservation of certain intergenic distances on mouse Chr 3 and human chr 1. This report presents a new composite map of Chr 3. In addition, we have recommended for inclusion in future crosses five reference loci which span the linkage map and which can be typed by restriction fragment length variation (RFLV) and polymerase chain reaction (PCR). Widespread utilization of these reference loci would contribute to the generation of reliable composite maps in the future.
The mouse Chr 3 map
The map of mouse Chr 3 was generated by M.F. Seldin using data from crosses between inbred laboratory strains, interspecific crosses and recombinant inbred (RI) strains. A locus list including citations to the linkage data on which the map is based is presented in Table 1 . The composite map is represented in Fig. 1 . Map distances are measured from the centromere, based on the estimated distance from the centromere to Car-l, which was determined with a Robertsonian translocation chromosome . The framework of the map was based on recombination data for the loci Car-l, Evi-1, Amy-2 and Egf, obtained from four backcrosses. The major source of deviation between this map and the map generated by The Jackson Laboratory is due to the current estimate that the Evi-1 to Amy-1 distance is 39 cM, in contrast to the previous value of 54 cM. (Measurements of this dis- tance vary from 27-53 cM in the four backcrosses cited in Table 1 ). The positions of Gba, Es26 and Es27 have been corrected, and small changes in the positions of several other loci are indicated. It should be emphasized that map positions are approximate, and that the order of closely linked genes which have not been typed in the same cross is uncertain.
Since recombination frequencies vary in different crosses, the composite map may distort the order of loci which were not mapped in the same backcross. In deriving the composite map, data from RI strains was used to determine gene position as a supplement to backcross data. For a fuller discussion of the method used to generate the map, the reader is referred to the discussion in the Mouse Chromosome 1 Committee Report.
Three linkage groups on mouse Chr 3 are conserved in the human genome All of the genes mapped to the region between Gba and Amy-2 are conserved on human chr 1, with the exception of Csfm, which is on human chr 5q (Mosely and Seldin 1989; Buchberg et al. 1989) . Physical mapping of five loci from this linkage group demonstrated conservation of gene order and intergenic distance in the two species (Kingsmore et al. 1990 ). The 10 cM region between Fabpi and Egfis conserved on human chr 4q. The carbonic anhydrase genes, Car-l, Car-2 and Car-3, are linked on human chr 8; no other loci have yet been mapped to this conserved group.
The structures of the amylase gene clusters in human and mouse are quite different. In mouse, the salivary amylase gene is located 21 kb upstream of a pancreatic amylase gene . In the 230 kb human gene cluster, the two pancreatic amylase genes are located upstream of the three salivary amylase genes, and several copies of an endogenous retrovirus and an actin pseudogene are interspersed with the amylase genes (Samuelson et al. 1990 ). The human genes were derived from a single pancreatic amylase gene during primate evolution. The adjacent retrovirus is required for tissue-specific expression of human salivary amylase (Ting and Meisler, unpublished data). 
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Tubingen-51 Chapman et al. 1979; Bonhomme et al. 1979; Holmes et al. 1981; Ceci et at. 1987; Gisselbrecht et al. 1989 Ceci et al. 1987 Balek et al. 1982 Holmes et al. 1983 Holmes et al. 1981a , 1981b and 1981c Duley and Holmes 1982; Prochazka et al. 1985; Mucenski et al. 1988 Holmes et al. 1979 , 1981c Giri et al. 1989 Duley and Holmes 1982 Kingsmore et al. 1989 Lane and Eicher 1979 Bonhomme et al. 1979; Eicher and Lane 1980; von Diemling et at. 1984; Paul and Elliott 1987; Blatt el al. 1988 Bloor and Meisler 1980; Paul and Elliott 1987; Blatt et al. 1987; Heuckeroth et al. 1987 Brooks et al. 1989 Kent et at. 1987 Kingsmore et al. t990 Lundin 1987 Moseley and Seldin 1989; Kingsmore et al. 1990 Saris et al. 1987 van Heynegen et al. 1989 van Heynegen et al. 1989 B:14 Eicher et at. 1976 B:3,7,8,9,10,12,14 Eicher et at. 1976 Bonhomme et al. C:I 1979; Elliot 1979; Paul and Elliott 1987; Novak et al. 1988; Copeland and Jenkins 1990 Beachey et al. 1990 Moseley et al. 1990 Kingsmore et al. 1990 Taylor et al. 1973 Taylor et at. 1976 Bernier et al. 1988 Sweet and Prochazka 1985 Novak et at. 1988 Gisselbrecht et al. 1989 Unpublished data Vincek et al. 1989 1959; Lane 1980; Lane and Eicher 1979; Holmes et al. 1981 Zabel et al. 1985 Mucenski et al. 1988; Taylor and Rowe 1989 von Diemling et al. 1981 yon Diemling et al. 1981 Novak et al. 1988 von Diemling et al. 1985 Copeland et al. 1988 Mucenski et al. 1988; Gisselbrecht et al. 1989; Jenkins 1990 Sweetser et al. 1987 Unpublished data Unpublished data Blatt et al. 1988 Sola et al. 1988 Copeland et al. 1989; Gisselbrecht et al. 1989 Lane 1972 Eicher 1979 O'Neill et al. 1989; Seldin 1989 (some of the Gba assignments were in error; this position includes the corrected data) Prochazka et al. 1985 Bailey 1975 Mobraaten et al. 1984 Bailey 1975 Mobraaten et al. 1984 Bailey 1975 Holmes 1977 and 1978 Gisselbrecht et al. 1989 Graves et al. 1985 Eleftheriou et al. 1974 Moore et al. 1989 De Maeyer et al. 1975; Mobraaten et al. 1984 Fiorentino et al. 1989 Lane 1972 Lane and Eicher 1979; Lane 1980; Mobraaten et al. 1984 Hoggan et al. 1986 Hoggan et al. 1986 Jaenisch et al. 1981 Munke et al. 1986 Frankel et al. 1990 Frankel et al. 1990 Carter 1956 Davisson et al. 1976; Lane 1980 Zabel et al. 1984; Dracopoli et al. 1988; Buchberg et al. 1989; Kingsmore et al. 1990 Ryan et al. 1984 Buchberg et al. 1989 Richards-Smith and Elliott 1984 Lane and Eicher 1979 Yoshida et al. 1990 Kozak et al. 1979 Adra et al. 1988 C:12 C:9,12,13 Sola et al. 1988; Gisselbrecht et al. 1989 Unpublished data Frankel et al. 1989 Frankel et al. 1989 Frankel et al. 1989 Frankel et al. 1989 Lane et al. 1990 Lund et al. 1988 Blatt et al. 1988 Lund et al. 1988 Southard 1971 Lane 1980 Lane 1972; Lane and Eicher 1979 Lane 1988 Melvoid et al. 1990 Kourides et al. 1984 Naylor et al. 1986; Dracopoli et al. 1988; Kingsmore et al. 1990 Curry 1959 Lane 1972; Lane 1980; Lane and Eicher 1979; Eicher and Lane 1980; Holmes et al. 1981a and 1981b; Duley and Holmes 1982; Mobraaten et al. 1984 Blatt et al. 1988 Wejman et al. 1985 Wejman et al. 1985 Map positions are based at the centromere , and were calculated using data from inbred laboratory strains, interspecific crosses and recombinant inbred strains. Loci which have been assigned to Chr 3 but not regionally mapped are included. Since recombination frequencies may vary depending on the specific cross examined, the composite map positions may distort gene order when loci have not been mapped with respect to each other in an individual backcross. In deriving the composite map, RI strain data was only used to determine gene position as a supplement to backcross data. For a fuller discussion of the considerations applied to generating map positions, the reader is referred to the Mouse Chromosome 1 Committee Report. a Loci in parenthesis indicate loci whose names have been changed. Asterisk indicates provisional designation.
The map positions are measured in cM from the centromere. For those loci in which no position can be reasonably assigned, an X is shown. Parenthesis indicate uncertainty of linkage to mouse Chr 3.
The letters indicate how "alleles" were determined: A, phenotype or biologic property; B, gene product (cell surface antigen, protein electrophoresis etc.); C, RFLVs. For clones used to identify RFLVs the reader should refer to the specific references and/or "List of Mouse DNA Clones and Probes," J.T. Eppig, The Jackson Laboratory. d The numbers refer to the data that were used in addition to specific references to derive the map position (see following). This informa tion is included to supplement the information provided by the references. Numbers are underlined in the table to indicate that unpublished data submitted to the Committee was included in the analysis. 1: complete haplotypes in 114 and incomplete haplotypes in 338 interspecific backcross mice (see specific references and R.J. Oakey and M.F. Seldin, unpublished data); 2: complete haplotypes in 83-198 interspecific backcross mice (see specific references); 3: incomplete haplotypes in 38-74 interspecific backcross mice (see specific references); 4: complete haplotype data in 92-299 intraspecific backcross (unpublished data kindly provided by J. Todd); 5: included in nine overlapping three-or four-point crosses that derive from analysis of 125-500 meiotic events in each of multiple individual crosses (specific references); 6: haplotype data in 75 intraspecific backcrosses, W.N. Frankel, unpublished data; 7: CXB strains, see specific references and compiled by D.W. Bailey and currently maintained by B.A. Taylor; 8: AXB and BXA RI strains, see specific references and compiled formerly by M. Nesbitt and currently by B. Paigen; 9: BXD RI strains, see specific references and compiled by B.A. Taylor; 10: BXH RI strains, see specific references and compiled by B.A. Taylor; 11: AKXD RI strains, see specific references and compiled by B.A. Taylor; 12: AKXL, see specific references and compiled by B.A. Taylor; 13: three-point mapping data, see specific reference in table for data; 14: two-point mapping data, see specific reference in table for data. Table 2 . Mutant genes on Chr 3. Mapping data for these loci are available in Table 1 . Descriptions and additional references can be found in Green (1989 . Linkage data and locus names are provided in Table 1 . Loci that have been assigned to Chr 3 but not regionally mapped can also be found in Table 1 . *Loci within the bracket are located between 46--47 cM on the map; gene order not indicated.
The carbonic anhydrase gene cluster on proximal Chr 3 is also organized differently in human and mouse. The three human carbonic anhydrase genes are localized within 180 kb with the gene order Car-1-Car-3-Car-2 (Tashian et al. 1990 ). In the mouse, Car-3 is reported to be > 1 cM distal to the other two genes (Beechey et al. 1990 ).
Mutant genes mapped to Chr 3
The spontaneous mutant op, osteopetrosis, has a recessive skeletal defect which includes a doomed skull and accumulation of bone which lacks marrow cavities (Green 1989 ). The close linkage of op and the Csfm gene encoding a macrophage colony stimulating factor led to the demonstration of a single base pair (bp) insertion in the coding region of Csfm in the op mutant (Yoshida et al. 1990 ). Other mutant genes which have been mapped to Chr 3 are listed in Table 2 . With the exception of op, the molecular basis for these interesting phenotypes remains to be discovered.
Reference loci for Chr 3
Incorporation of a common set of reference loci into future crosses will greatly facilitate the growth of composite genetic maps by providing the basis for direct comparison among crosses. Towards this end, we recommend that the following five loci be included in future crosses: Car-l, I1-2, Gba, Amy-1 and Adh-l.
These loci span the chromosome, so that any gene on Chr 3 is expected to be within 20 or 30 cM of a marker. Cloned probes for these loci which detect RFLVs are available, and PCR primers which detect some genetic variation are available for four of these markers (Table  3) . We are grateful to colleagues for providing unpublished primer sequences.
